Homologous pairing and topological linkage of DNA molecules by combined action of E. coli RecA protein and topoisomerase I.
E. coli RecA protein and topoisomerase I, acting on superhelical DNA and circular single strands in the presence of ATP and Mg2+, topologically link single-stranded molecules to one another, and single-stranded molecules to duplex DNA. When superhelical DNA is relaxed by prior incubation with topoisomerase, it is a poor substrate for catenation. Extensive homology stimulates the catenation of circular single-stranded DNA and superhelical DNA, whereas little reaction occurs between these forms of the closely related DNAs of phages phi X174 and G4, indicating that, in conjunction with topoisomerase I, RecA protein can discriminate perfect or nearly perfect homology from a high degree of relatedness. Circular single-stranded G4 DNA reacts with superhelical DNA of chimeric phage, M13G ori 1, to form catenanes, at least half of which survive heating at 80 degrees C following restriction cleavage in the M13 region, but few of which survive following restriction cleavage in the G4 region. Electron microscopic examination of catenated molecules cleaved in the M13 region reveals that in most cases the single-stranded G4 DNA is joined to the linear duplex M13(G4) DNA in the homologous G4 region. The junction frequently has the appearance of a D loop, with an extent equivalent to 100 or more bp. We conclude that a significant fraction of catenanes were hemicatenanes, in which the single-stranded circle was topologically linked, probably by multiple turns, to its complementary strand in the duplex DNA. These observations support the previous conclusion that RecA protein can pair a single strand with its complementary strand in duplex DNA in a side-by-side fashion without a free end in any of the three strands.